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We, HotjdAy Pbocess Coiipoeation, of 
318. Delaware Trust Building, Wilming- 
ton, Delaware, United States of America, 
a Corporation duly organized and exist- 
iuo> UD der the laws of the State of Dela- 
ware M *Jnited States of America, do hereby 
declare the nature of this invention and m 
what manner the same is to be performed, 
to be particularly described and ascer- 
tained in and by -£he following state- 
ment : — 

The use of activated alumina as a cata- 
lyst, as a component of a catalyst, or as- a 
base or carrier upon which to place or de- 
15 posit various materials possessing catalytic 
activity, is known. Contact masses made 
up partly or wholly of alumina promote or 
assist many organic reactions, such as 
aromatization, dehydrosenation of hydro- 
20 carbons, dehydration of alcohols, and the 
like. In contacting operations, it is 
* usually preferable to have the contact 
material -in pellet or granular form in 
order to permit substantial uniformity in 
the distribution of reactants and for the 
control of reaction conditions. Hence the 
- ability of a catalyst to resist breakdown 
into smaller particles during use is an ex- 
tremely important factor in the 
economical operation of commercial 
plants. 

An indication of ability to resist disin- 
tegration into powder as well as of the rela- 
tive strengths of various pellets may be 
35 obtained by testing the pellets, preferably 
after they have been subjected to the heat 
treatment required for activation of the 
alumina. One test consists in applying^ a 
weighted knife edge, such as used in 
weight balances, to the centre of the out- 
side surface of a pellet, perpendicular to 
the axis. Another test to indicate strength 
hardness is to apply pressure to the 
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or 



of* a pellet to create a 
a* opposed to the cutting 



diagonal edsre.< 

45 shearing force ^^ y ^^.-.. v« — 

or breaking force of the first method. For 
accuracy in comparative hardness tests it' 
is essential tlrat the pellets be dry, for 
absorption of moisture gives lower 
50 roadiugs. 

[Price 1/.] 



Since the commercially available 
alumina pellets (and grains were found to 
be too weak for satisfactory service over 
extended periods and under certain con- 
ditions of use, an extensive and intensive 55 
study was made to develop a better pro- 
duct. It was found that hardness seems to 
depend upon relative quantities and dis- 
tribution in the freshly precipitated 
alumina of at least two forms or kinds of 60 
its hydrates. A high percentage of a 
alumina trihydrate, as 30% or more, 
always gives weak pellets. The sodium 
content of the finished pellets also seems to 
influence their stability under the condi- 65 
tions of use. Hence the present inven- 
tion involves not only greatly improved 
alumina contact masses but also methods 
of controlling the content and distribu- 
tion of the various forms of alumina by 70 
the manner of precipitation and subse- 
quent treatment. 

The new developments constituting 
the present invention result from the fol- 
lowing observations. When alumina is 7-5 
precipitated rapidly, as by the addition of 
a precipitating reagent, the partictes con- 
sist of . unstable hydrous yAl 3 O a .H 3 0. 
While this invention does not rest on the 
following analysis, it is offered as a pos- 80 
sible mechanism of the action. Two 
things may happen to the unstable 
hydrous vAU0 3 .H 3 0 : (1) It may be trans- 
formed into the larger crystals of the 
more stable aAl a 0 3 .3H s O. (This change 85 
is known to take place easily if the pre- 
cipitate is aged at room temperature, 
especially after washing): or (2) the 
crystals of yAl 9 0 s .H s 0 may become 
r stabilized " (presumably by growth into 
larger crystals) until the speed of trans- 
formation into the a form becomes negli- 
gibly slow. If only a small amount of 
the. trihydrate is formed, the few par- 
ticles of the latter are of necessity sur- 
rounded by many particles of the mono- 
hydrate. Apparently such an optimum 
mixture of y-Al 2 0 3 .H 2 0 partfdes upon 
and around the a-AhO a .3H 9 0 particles 
gives the hardest and most stable mass. If 100 
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the transformation goes too far trihydrate 
will predominate and the pellets made 
therefrom will be softer and less stable. 
After the pellets have been formed, heat 

5 treatment of the same at temperatures 
above those required for drying, as at ele- 
vated temperature for activation, decom- 
poses 7-Al 3 0 3 .rl20 to • give y-Al 2 0 3 ; while 
a-AL0 3 .3H a 0 decomposes to give y-AUOa 

10 also. However, X-ray analyses show that 
the crystals of y-AL0 3 from a-Al 3 0 a .3H a 0 
are distinctly larger than those from 
y-Al 3 0 a .H 2 O when decomposed under the 
saine conditions. Pellets from a- 

15 ALO3.3IE3O alone when heat treated are 
softer .'and less stable than pellets from a 
mixture of the two hydrates. Hence for 
the hardest pellets, a mixture containing 
a high per cent of y-Al 2 0 3 .H 2 0 is required 

20 before heat treatment. 

Suitable mixtures of y-AL0 3 .H-0 and 
aAl 2 0 3 .3H 2 0 can be obtained in a rela- 
tively short time by stabilizing the 
alumina by the use of heat. This step, 

25 which consists of a heat treatment of a 
hydrous alumina precipitate for at least 
ten minutes at a temperature of at least 
I2y F. and which we designate " hot 
aging " apparently speeds up the second 

30 reaction of the unstable y-Al 3 0 3 .H;O 
mentioned above to a much greater 
extent than the first, and thus results in 
the formation of a mixture of a small 
amount of stable a-Al s 0 3 .3H 3 0 and a 

35 larger amount of " stabilized ;) 
it-AL0 a .H 3 0.. Following the l< hot aging " 
period, which may extend up to two hours, 
and longer if desired, with temperatures in 
the range from 125 to about 212° F. at at- 

40 mospheric pressure, the precipitate is 
filtered and dried. The " hot aging ' J 
can be conducted at higher temperatures 
by employing superatmospheric pressure. 
The dried precipitate is then subjected to 

4.5 a thorough washing to remove soluble 
salts, etc. This operation may be 
speeded up by using a centrifuge or 
rotary filter. The resulting filter cake is 
<Iriec] and then ground in suitable pulver- 

50 ising equipment such as a ball mill, 
hammer mill, or the like, to a desired 
decree of fineness (until at least 70% of it 
will pass a 400 mesh screen, the length of 
the. grinding determining somewhat the 

55 hardness of the pellets. The ground 
mass is then formed in regular or irregu- 
lar pieces of any desired shape. It may 
be cast, extruded or pressed iuto pellet 
fornu as into solid cylindrical pieces of two 

GO to four millimeter diameter. The pellets 
or pieces are then subjected to heat treat- 
ment at 1000° F. or above, as up to about 
KiOO 9 F., and thereafter have a knife edge 
hardness of at len*t 3n00 grams. 



Example 1. Go 
Precipitation of hydrous alumina from 
a solution of sodium aluminate was 
effected by adding a solution of 
ammonium chloride, the resulting slimy 
thick mass being then promptly heated 70 
into the temperature range of 125° F. to 
212° F. as up to about 165° F. It was 
held at this temperature for about two 
two hours. The mixture whs then filtered 
and dried. The dried material was sub- 75 
jected to ten water washes to remove 
soluble sodium and ammonium salts . 
Filtering and drying followed and the re- 
sulting dried filter cake was broken and 
ground in a ball mill for about three 80 
hours. * Sufficient wetting material, for 
example, water somewhat in excess of a 
1:1.7 weight ratio was added *to the 
powder to produce a mass of doughy, con- 
sistency which was forced into aper tared 85 
plates designed to produce 4 mm. cast pel- 
lets. After drying at room temperature 
or baking at a temperature of about 27o-° 
F. the pellets were knocked out of the 
plates and heat treated at about 1400° F. 90 
The pellets were very resistant to disinte- 
gration. Batches made with minor varia- 
tions in details of procedure gave pellets 
after final heat treat having hardness by 
the knife edge test ranging from 3500 to 95 
about 12,000 grams. 

Example 2. 
Precipitation of hydrous alumina from 
a solution of sodium aluminate was 
effected by the addition of sufficient 100 
ammonium chloride solution to give a 1 to 
1 equivalent ratio of NH , + to Na + . The 
resulting slimy thick mass was filtered us 
rapidly as possible and the wet filter cake 
was immersed immediately in an equal 105 
quantity of hot water (ISO 0 F.) and the 
mixture held at that temperature for 20 
minutes. The mixture was then filtered 
and dried. Then followed the same 
general treatment as in Example 1. The 110 
heat treated pellets had a hardness of 5000 
grams. 

Another batch was not filtered before 
immersion in hot water but gave a final 
product of desired stability and about the 115 
same hardness. 

Example 3. 
The precipitation of hydrous alumina 
was effected as in the first paragraph under 
Example 2. It was filtered as quickly as 120 
possible and the wet filter cake broken up 
aud one portion subjected to steam to 
bring the mass to about jfid 0 F. Another 
portion was subjected to equivalent treat- 
ment in a high humidity oven at tern- 125 
peratures up to 225° F. where the filter 
cake was brought to about 165° F. or 
above, before appreciable drying took 
place, the humidity nf the oven bein»' 
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thereafter gradually decreased and the 
drying finished at about 200° F. The 
treatment thereafter for both batches fol- 
lowed that of Example 1. Finished heat 
5 treated pellets from both portions or 
batches had knife edge hardness of 
approximately 4200 grams. 

Example 4. 
Solutions of aluminium nitrate and ■ 

10 ammonium hydroxide were separately 
heated into the upper portion of the tem- 
perature range -of 125 to 212° F., as to 
about 195° F. and mixed at such tem- 
perature so as to effect precipitation at 

15 about 180 to 200° F. The precipitate was 
filtered out and dried. Then followed the 
same treatment as in Example 1. The pel- 
lets after final heat treat had a hardness 
of 82U0 grams. 

20 Example 5. 

Unheated solutions of aluminium nit- 
rate and ammonium hydroxide were 
mixed and precipitation effected at room 
temperature. Thereupon the mixture was 

25 promptly heated to about 165°"F. and held 
there for .about two hours. Subsequent 
treatment was substantially the same as in 
Example 1. The hardness of the result- 
ing pellets -after final heat treat was 6100 

30 grams. 

The 41 hot aging !5 should be effected 
during precipitation or promptly there- 
after, as within an hour, for example. If 
this treatment is delayed until a larger 

35 quantity of aAljOa.SHaO is formed, subse- 
quent heating is futile and pellets of de- 
.sired hardness and stability cannot be 
produced. The " hot aging " should be 
conducted preferably with stirring and in 

40 the presence of the mother liquor but need 
not be continued for more than two hours; 
shorter periods are sufficient in some in- 
stances. Experiments indicate that there 
is little if any change in the precipitate 

45 when the heating is continued for ex- 
tended periods as up to 24 hours. 

Any convenient aluminium compound, 
such as alkali metal aluminates and 
aud aluminium, salts, may be utilized as 

00 the starting material. Either acidic or 
basic preparations are used, depending 
upon the character of the starting 
material. Suitable acidic precipitants are 
ammonium chloride, ammonium sulphate, 

55- ammonium nitrate, hydrochloric acid, 
nitric acid. etc. Suitable basic precipi- 
tants are ammonium hydroxide, sodium 
hydroxide and other materials producing 
ammonia, such as hexin (hexamethylene 

GO tetramine), etc. 

The washing of the dried precipitate 
involves a. certain amount of difficulty due 
to the slimy nature of* the precipitate when 
wet. Tt is facilitated by the use of cen- 



trifuges or rotary filters. Drying is nor- 65 
mally effected at about 200° F. in an oven 
with little air draft, since the dried 
material takes the form of fairly fine 
powder which is easily blown about. The 
grinding of the dried powder is continued 70 
for a sufficient time to have at least 95<% 
pass through 200 mesh screen and at least 
70% through 400 mesh screen. In general 
and within limits, the extent of the grind- 
ing operation determines the hardness of 75 
the resulting pellets. It must be 
emphasized, however, in connection with 
grinding time and screen analysis, that 
no amount of grinding or fineness of 
powder will yield good pellets from in- 80 
ferior material, i.e. material not sub- 
jected to the " hot aging " treatment re- 
ferred to previously. 

For casting or extruding operations, a 
wetting agent such as water, and aqueous 

86 

mixtures containing ethyl alcohol, acet- 
one, kerosene and the like, may be util- 
ized. When water alone is used, the 
the weight ratio of powder to water 
ranges from 1.2 : 1 to 2 : 1 , depending upon 90 
the length of the grinding operation, the 
fineness and nature of the powder. Mixes 
giving very hard pellets are usually 
characterized by a pronounced sliminess 
which makes the mixture very hard to 95 
handle. This condition sometimes re- 
quires a compromise in hardness of the 
final pellet to permit greater ease in 
handling. 

The workable doughy mass made hy 100 
mixing the wetting- agent with the powder 
can be extruded as well as cast. The mat** 
may. sometimes exhibit properties which 
are detrimental to easy extrusion into 
cylindrical or pellet form. This can be 105 
overcome either by adding appropriate 
foreign agents, such as starch or kerosene, 
or by drying in thread form without cut- 
ting into shorter lengths until after the 
drying process. For cast pellets metal 110 
plates may be provided having perfora- 
tions of the proper size into which the 
doughy mass is introduced. After drying, 
the extruded or cast material will "have 
strengths under the knife edge test rang- 115 
ing from about 1000 to about 9000 grams 
iu 4 nun. plug form. The subsequent 
heat treatment of the pellets, effected in 
the. temperature range where activation of 
alumina occurs, namely from 1000 to 120 
1600° F.. increases the hardness bv the 
knife edge test to 3500 to 14.000 grams. 

Activated alumina prepared iu accord- 
ance with the present invention and in the 
form of 4 mm. pellets, varies in apparent l2o 
density from about 0.6 to 0.8 Kg/L. The 
higher density pellets result from long 
grinding of the dried precinitate and from 
file use of a thick mix. The lower den- 
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sity pellets result from a thin mix. Their 
water absorptivity measured at weight per 
cent. H 2 0 (dry pellet basis) runs from 
about 45 to about G5% and is inversely 
5 proportional to the apparent density. A 
knife edge hardness after heat treatment 
of at least 3500 grams is requisite for cer- 



tain commercial uses and desirable for 
other uses. 

The pellets of the present invention are 
superior in all respects to the best pro- 
ducts of commercial alumina available, as 
will be apparent from the following com- 
parative table. 
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Tahle 1. 



Type 



Absorptivity Sodium 

Wt. % ILO Content 
Apparent (dry pellet % 

Density basis) Xa 2 0 



Hardness in 
Grams After 
Activation 
Knife Edge 
Method 



Commercial Granular 
Alumina 4 to 8 mesh 
Commercial Machine 
Made 4 mm. pellets 



4 mm. cast pellets 

(1st example) 
4 mm. cast pellets 
(another batch 

1st example) 
4 mm. cast pellets 
(another batch 

1st example) 
4 mm. cast pellets 

(4th example) 



Commercial Alumina 
.86 39% 
.91 33% 
Alumina IMlets of Present Invention 
.78 4f>% 



.TO 

.02 
.70 



*7% 

G4% 
50% 



0.8 
1.7 

0.3 

0.2 

(1.3 
0.5 



3140 

11,900 

4,800 

3,000 
8.200 
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There are a. number of properties which 
show the improvement resulting from the 
present invention. In the first place, the 

40 increased hardness makes the alumina pel- 
lets much less liable to fracture and 
powdering during use. This advan- 
tage is particularly noticeable over com- 
mercial alumina in screened sizes made up 

45 of irregular chunks. In addition, ability 
to mold leads to regularity of pellet form 
permitting even and close packing so that 
a. maximum quantity of catalyst can he 
disposed in a given reaction chamber. 

50 For compound catalysts usinsr alumina 
as a base, the usual method of prepara- 
tion is to immerse the alumina pellets or 
particles in a solution containing the other 
constituents as solutes. The alumina ab- 

55 sorb.^ the solution and on drying and de- 
composition yields the final catalyst. 
Frequently, the amount of the added con- 
stituent is of prime importance in the 
value, of the resulting complex as a 

60 catalyst. It is also desirable I bat the en- 
tire amount of the second constituent be 
deposited in a single operation (i.e. with- 
out dryinir, decomposing, and dipping a 
second or third time). Tn this respect the 

Go high absorptivity of alumina of the pre- 
sent invention is an extremely desirable 



property, since it allows the preparation ot 
compound catalysts with a maximum 
range of quantity of a second constituent. 
For example, in order to deposit 11% of 70 
Mo0 3 on commercial activated alumina, it 
is necessary to dip twice, while with 
alumina of the present invention only one 
dip, is necessary. The maximum amount 
which can be deposited on commercial 75 
alumina using ammonium paramolybdate 
in a single dip is about 7% by weight of 
the finished catalyst. This single dip ad- 
vantage extends to all catalytic agents 
capable of deposition on alumina by means 80 
of solutions of soluble compounds. The 
advantage is still more pronounced in the 
case of slnrhtly soluble compounds or di- 
lute colloidal solutions of active materials, 
such as vanadium, tungsten, platinum, 85 
silver, iron, and the like. For example, 
from ammonium meta vanadate up to 
about 1.7% of by weight of finished 

catalyst can be deposited on the alumina 
of commerce in a single dip, as compared 90 
with approximately 3%. which can be ob- 
tained in a single dip of the alumina of 
the present invention. 

The purity of the alumina of the pre- 
sent inyeution is also very important in 95 
sonic instances, as, for example, in 
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alumina molybdenum oxide catalysts. . A 
catalyst of this type which, contains 
appreciable amounts of alkali "metal gets 
ver^ soft during use or heat treatment to 
1400° F., while a catalyst made from the 



essentially pure ALO s of the present in- 
vention loses little or none of its hardness. 
This condition is illustrated in the follow- 
ing table : 



35 



Table 2. 



^ource of AL0 4 



* %MoO» 
.%lfa 3 0 Deposited 



Hardness Hardness in 
in Grams Grama — Knife 
Knife Edge , Edge Method 
Method . After Heat 
Before Treat at 

Heat . 1400° F. for 
Treat 4 hours. 



Commercial Granular 

4^S mesh # .79 

Commercial Alumina 
4 mm. Machine Made 
Pellets , tt 1,7 

Commercial Alumina 
4 mm. Machine Made 
Pelkts- 1,7 
Cast 4 mm. Pellets 
of present invention 0.2 



(S.7 



hard 



3000 



S.8 (2 dips) 3100 
il.5 (ldip) 5000 



soft 

189 

700 
5000 



Actual tests of the pellets in Table 2 
have been made for extended periods in 

30 cyclic operations which, involve alternate 
transformation of hydrocarbons and subse- 
quent regenerating reactions. Commer- 
cial pellets disintegrated to powder very 
quickly, while the pellets of the present in- 

35 vention were found to be practically un- 
affected after mouths of continuous use. 
As, a result of this' experience, it has been 
established that the four-hour heat treat- 
ment at 1400° F. indicated in the last 

40 column of Table 2 is a severe test of the 
ability of a catalyst to stand up under the 
conditions of commercial use and is an 
accurate measure of its practical value. 
Among the many uses of the alumina 

45 and alumina-supported ' catalysts of the 
present invention may be mentioned 
promotion of reactions involving hydro- 
carbons including those reactions which 
produce improved commercial products, 
such as motor fuels, burning fuels and 
hydrocarbons of higher curbon-to-hydro- 
gen ratio than the charge, but of substan- 
tially the same number of carbon atoms 
per molecule, as for instance the produc- 

55 tion of aromatics from naphthenes xuul 
paraffins. Further, and by way of 
example, the disclosed alumina-supported 
molybdenum oxide catalysts have been 
used under conditions to pro dace crack- 

60 iug or hydrogenation of naphthas to high 
octane gasoline, which use results in lower 
coke make and extended catalyst life as 
compared with the use of commercial acti- 
vated alumina. 
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The .property of great hardness and 65 
strength possessed by the alumina of the 
present invention makes its use preferable 
to ordinary alumina masses of less 
strength and hardness for preparation of 
contact masses and for qfher uses. Any 
desired material advantageously may be 
supported thereby or compounded there- 
with, as for instance metals or compounds 
thereof such <as chromium, cobalt, nickel, 
uranium, zirconium and the like. 

Having now particularly described and 
ascertained the nature of our said inven- 
tion and in what manner the same is to 
be performed, we declare that what we 
claim is: — 
j/ 1. Process of preparing alumina of high 
stability and resistance to disintegration 
comprising precipitating hydrous alumina 
from a solution containing an aluminium 
compound, subjecting the precipitate to 
" hot aging !i for a period of at least ten 
minutes, at a temperature of above 125»° 
3?.,. to stabilize the alumina, washing the 
alumina until substantially free of soluble 
salts, subjecting the washed alumina to a 90 
grinding operation until at least 70% of it 
will pass a 400 mesh screen, forming the 
ground alumina in pieces for use, and heat 
treating the pieces so formed at a tem- 
perature between 1000° and 1600° F. 
whereby said pieces are of a hardness such 
that pellets 4 mm. in diameter prepared 
by the said process have a knife edge hard- 
ness of at least 3500 grams. 

2. Process according to claim 1 further 10tl 
characterized iu that the " hot aging "is 
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effected within the temperature range of 
125, to 212° 

3. Process according to either of the 
preceding claims further characterized in 

5 that the period of '* hot agmg 11 is suffi- 
cient to stabilize the -alumina but does not 
exceed two hours. 

4. Process according to any of the pre- 
ceding claims further characterized by 

10 " hot aging " in the temperature range of 
175. to 190° F. 

o. eProcess according to each of the pre- 
ceding claims further characterized in 
that the grinding continued until at 

15 least 95% will pass a 200 mesh screen and 
at least 70% will pass a 40O mesh screen. 

6. Process according to each of the pre- 
ceding claims further characterized by 
mixing the powder from the grinding 

20 operation with a wetting agent to produce 
a doughy mass and forming the mass into 
pieces of desired size and shape. 

7. Process according to each of the pre- 
ceding claims further characterized by 

25 freeing the precipitate of soluble salts by 
washing and filtering operations until its 
content of alkali metal is at least as low as 
.5% sodium oxide or equivalent. 

8. Process of preparing a compound 
30 catalyst of high stability and resistance to 



disinteg-ration of which the major compo- 
nent is active alumina prepared according 
to any of the preceding* claims character- 
ized by depositing- on and within the 
alumina pieces another component from a 35 
solution of a compound ot said coniponeut 
and igniting the pieces to provide the 
finished compound catalyst. 

9. Process according to claim 8 further 
characterized in that in exee*, of 7% of 40 
molybdemim_(determined as &0O3J is de- 
posited on the alumina pieces \u a single 
dip prior to ignition. 

10. Alumina in activated form, for use as 
catalyst or catalyst support produced in 45 
accordance with the process set forth in 
any of claims 1 to 7 inclusive. 

11. A composite of alumina and another 
component for use as catalyst produced in 
accordance with the process set forth iu 50 
claim 8. 

12. A composite of alumina and molyb- 
denum oxide for use as catalyst produced 
in accordance with the process of claim 9. 

Dated the. 10th day of December, 1942. 
WM. BROOKES & SON, 
No. 1, Quality Court, 
Chancery Lane, London. W.C.2, 
Chartered Patent Agents. 
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